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The South Mountains, located immediately south of Phoenix,
contain rocks that were formed by movement on a major,
recently recognized fault. Geologists and other interested per
sons can find evidence of this faulting and other geologic events
along paved roads and maintained hiking trails within the City of
Phoenix South Mountains Park, which includes most of the South,
Mountains. This article presents a short summary of the geologic
history of the South Mountains. An in-depth discussion of the

geology of the area is contained in the Arizona Bureau of
Geology and Mineral Technology Bulletin 195 (in press).

The South Mountains are composed of two main rock
types, each of which forms approximately half of the range
(Figures 1 and 2). The western half of the range contains
metamorphic rocks that are dark colored with numerous
light-colored bands (Figure 3). These rocks were formed under
high temperatures and pressures during the Precambrian Era,
approximately 1.7 billion years ago. The layering in the rocks was
prod\lced by compression within a volcanic arc that flanked some
long-vanished, ancestral ocean.

The eastern half of the South Mountains contains granitic
r.ocks that are salt-and-pepper colored on freshly broken surfaces
(Figure 4), but are generally coated by a brown or tan veneer of
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Figure 2. Simplified geologic map and cross section of the South Mountains.
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Figure 3 (top left). Photograph of Precambrian
metamorphic rocks (Estrella Gneiss). The rocks are
strongly color banded due to an alternation of light·
colored, quartz· and feldspar·rich layers, and dark·
colored layers composed of biotite, hornblende,
and epidote.

Figure 4 (bottom left). Photograph of unsheared
Cenozoic granitic rocks (Telegraph Pass Granite).
!'late the lack of foliation (planar orientation ofmin·
erals) in the rock, compared with the rock in
Figure 5.

Figure 5 (above). Photograph of 5·cm·thick
sheared zone within Cenozoic granitic rock (South
Mountains Granodiorite) from the top of the range.
!'late the well·developed foliation in the granite
within the sheared zone. This sample illustrates
how shearing can drastically alter the overall
appearance ofgranitic rocks.

Figure 6 (below). Photograph of breccia formed
by continual faulting under brittle conditions. !'Iote
the numerous fractures and angular fragments in
the rock.

desert varnish. These rocks were formed in the Cenozoic Era only
25 million years ago when molten rocks solidified in a large
chamber several miles below the earth's surface. The granites are
the same age as volcanic rocks of similar composition that domi
nate the landscape of the Superstition Mountains east of Phoenix.

While the granites were cooling and crystallizing, they were
sheared by movement on a major, gently inclined fault zone that
was discovered during geologic mapping of the range. The shear
ing took place at high enough temperatures, perhaps 300 0 to
400 0 C, to produce a foliation, or planar orientation of minerals,
in granitic rocks on top of the range (Figure 5). As the granitic
rocks continued to cool, the shearing became increasingly brittle
and formed a breccia, a rock composed of angular fragments
(Figure 6). The fault responsible for this shearing is no longer
active and is not likely to cause earthquakes, but is probably
present at depth below most of Phoenix, Tempe, and Mesa.
Movement on the fault is responsible for the southwest tilt
of the Cenozoic volcanic and sedimentary rocks of Camelback
Mountain, Tempe Buttes, and Papago Park.
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CoOPERATIVE GEoLOGIC MAPPING

by Larry D. Fellows
State Geologist and Assistant Director

Arizona Bureau of Geology
and Mineral Technology

The U.S. Geological Survey (USGS) and
the Arizona Geological Survey (Geo
logical Survey Branch of the Arizona
Bureau of Geology and Mineral Tech
nology) have entered into a joint-funding
agreement to do geologic mapping in the
Phoenix quadrangle (scale 1:250,000).
Figure 1 shows the location and status of
geologic mapping at this scale through
out Arizona.

This project is part of the Federal-State
Cooperative Geologic Mapping Program
(COGEOMAP) initiated by the USGS
in Fiscal Year 1984-85, which began
October 1, 1984. Dr. Juergen Reinhardt

is the USGS COGEOMAP coordinator;
Dr. Stephen J. Reynolds, Arizona Geo
logical Survey, is the project leader.

In Fiscal Year 1984-85, the Arizona
Geological Survey will spend an esti
mated $64,626 in salaries and support for
geologic mapping. That figure will be
matched by the USGS, which will provide
$45,685 to the Arizona Geological Survey
and will spend $18,941 in salaries and sup
port for geologic mapping by USGS geol
ogists. In addition, the Bureau of Land
Management has provided 1,100 color
aerial photographs for use in the project.

The purpose of COGEOMAP, a compo
nent of the USGS' Geologic Framework
and Synthesis Program, is to accelerate
geologic mapping and production of
high-quality geologic and geophysical
maps in States that place a high priority

on obtaining baseline geologic informa
tion. One aspect of the USGS' basic mis
sion is to provide information about the
geologic structure of the Nation. As out
lined in their respective enabling acts,
most State geological surveys have
responsibility for determining the geo
logic framework of their States. This
responsibility includes preparing geo
logic maps. By working together, State
geological surveys and the USGS can
jointly evaluate areas to be mapped so
that both national and State needs are
met. In addition, the possibility of du
plicating efforts will be reduced.

In response to the USGS' request for
COGEOMAP proposals in early 1984, 48
proposals from 35 States were submitted.
Planning and discussion of the proposals
took place during the year (Figure 2).

Status of 1: 250,000 - Scale Geologic Mapping Projects

Figure 2. Representatives from the U.S. Geological Survey and the Arizona
Geological Survey discuss the COGEOMAP proposat. From left to right: Juergen
Reinhardt, USGS COGEOMAP Coordinator; Jon E. Spencer and Stephen J.
Reynolds, research geologists, Arizona Geological Survey; and Larry D. Fellows,
State Geologist and Assistant Director, Arizona Geological Survey.
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Figure 3. COGEOMAP participants from the U.S. Geological Survey and west·
ern State geological surveys meet in Port Townsend, Washington. From left to
right: John H. SchWing, Director and State Geologist, Nevada Bureau of Mines
and Geology; Juergen Reinhardt, COGEOMAP Coordinator, U.S. Geological
Survey; Robert M. Hamilton, Chief Geologist, U.S. Geological Survey; Frank E.
Kottlowski, Director, New Mexico Bureau of Mines and Mineral Resources;
Ross G. Schaff, State Geologist and Director, Alaska Division of Geological
and Geophysical Surveys; and Larry D. Fellows, State Geologist and Assistant
Director, Arizona Bureau ofGeology and Mineral Technology.
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Being mapped

No! mapped or mapping inadequate

COGEOMAP was one of the discussion
topics at the USGS-State Geological

.. Survey Western States meeting in Porttit Townsend, Washington in November
1984. Other western State geological
survey participants in COGEOMAP are
Alaska, Nevada, New Mexico, Oregon,
and Wyoming (Figure 3).

The Phoenix quadrangle was chosen
because the geology is complex and not
well understood. During the past 4 years,
Arizona Geological Survey geologists
Stephen J. Reynolds and Jon E. Spencer
have completed 1:24,000-scale geologic
maps in the Little Harquahala, Granite
Wash, Merritt Pass, and South Mountains.
This new mapping has resulted in the dis
covery of previously unknown rocks of
Paleozoic and Mesozoic age as well as
major, previously unrecognized, thrust
faults that have regional tectonic and eco
nomic significance.

During this field season, Arizona Geo
logical Survey geologists Reynolds,
Spencer, George Allen, Curtis Kortemeier,
Chris Capps, and James Stimac are work
ing in the Bouse Hills and the Harcuvar,
Harquahala, and Big Horn Mountains
(Figure 4).
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Figure 4. Status ofgeologic mapping In the Phoenix quadrangle.

Dr. J. Brent Hiskey, research professor
of metallurgy at the University of Arizona,
has been named the new assistant direc
tor of the Mineral Technology Branch of
the Arizona Bureau of Geology and Min
erai Technology.

Dr. Hiskey joined the Bureau last July
after 3 years of teaching experience at
the New Mexico Institute of Mining and
Technology and 8 1/2 years of industrial
research with ALCOA Laboratories,
U.S. Steel Research Laboratories, and
Kennecott. The latter position included
4lf2 years as Manager of Metallurgical
Research. Dr. Hiskey has also served as
a consultant to three major corporations.

In addition to heading the Mineral
Technology Branch, Dr. Hiskey will assist
Dr. Orlo Childs, Director of the Arizona
Mining and Mineral Resources Research
Institute (MMRRI). Dr. Hiskey will assume
the directorship upon Dr. Child's retire
ment on June 30, 1985.
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Dr. Hiskey is a member of the Ameri
can Institute of Mining and Metallurgical
Engineers (AIME), Sigma Xi (the national
honorary scientific society), and the
Canadian Institute of Mining and Metal
lurgy. He has served on numerous AIME
committees, and has been an invited lec
turer at two metallurgical symposia. He is
the author or coauthor of 24 scientific
papers and the editor of 4 books. Gold
and Silver-Leaching, Recovery, and
Economics, which he edited with W. J.
Schlitt and W. C. Larson, received the
1981 SME-AIME Book Publishing Award.
His most recent book is Gold and
Silver - Heap and Dump Leaching
Practice.

Dr. Hiskey received his B.S., M.S., and
Ph.D. degrees in metallurgy from the Uni
versity of Utah. His research interests
include hydrometapurgy and mineral
processing, specifically the physical
chemistry of leaching, cementation, ion

Ken Matesich

exchange, and solvent extraction. His
current research includes novel methods
for recovering gold and silver.

Dr. Hiskey succeeds Dr. William G.
Davenport, who has served as acting
assistant director of the Mineral Tech
nology Branch for 3lf2 years. Dr. Daven
port will remain as chairman of the
Department of Metallurgical Engineer
ing, a position he has held since 1981.
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Museum ofNorthern Arizona, Rt. 4, Box 720, Flagstaff, AZ 86001.

University ofArizona, Dept. of Geosciences, Tucson, AZ 85721.

Peterson, J. A., 1984, Metallogenetic maps of the ophiolite
belts of the western United States, 16 p., scale 1:2,500,000.
Luedke, R G., and Smith, R. L., 1984, Map showing distri·
bution, composition, and age of late Cenozoic volcanic
centers in the western conterminous United States, scale
1:2,500,000.

MF-1412·C Moss, C. K., and Abrams, G. A., 1985, Geophysical maps of
the North E;:nd Roadless Area, Chiricahua Mountains,
Cochise County, Arizona, scale 1:50,000, 2 sheets.

MF·1521·F Kreidler, T. J., 1984, Mine and prospect map of the Dragoon
Mountains Roadless Area, Cochise County, Arizona, scale
1:50,000.

MF·1567-B Gerstel, W. J., 1985, Geochemical map of the Rattlesnake
Roadless Area, Coconino and Yavapai Counties, Arizona,
scale 1:24,000.

MF·1568·A Weir, G. W., Beard, L. S., and Ellis, C. E., 1983, Mineral
resource potential map of the Fossil Springs Roadless Area,
Yavapai, Gila, and Coconino Counties, Arizona, 12 p., scale
1:24,000.

MF·1568-B Davis, W. E., and Weir, G. W., 1984, Aeromagnetic map of the
Fossil Springs Roadless Area, Yavapai, Gila, and Coconino
Counties, Arizona, scale 1:24,000.

MF-1573-A Wrucke, C. T., and others, 1983, Mineral resource potential
map of the Mazatzal Wilderness and contiguous roadless
area, Gila, Maricopa, and Yavapai Counties, Arizona, 15 p.,
scale 1:48,000.

MF-1577·A Wolfe, E. w., Wallace, A. R, McColly, R. A., and Korzeb, S. L.,
1983, Mineral resource potential map of the Arnold Mesa
Roadless Area, Yavapai County, Arizona, 10 p., scale 1:24,000.

MF-1614-A Wrucke, C. T., and others, 1983, Mineral resource potential
map of the Whetstone Roadless Area, Cochise and Pima
Counties, Arizona, 10 p., scale 1:48,000.

MF-1614·B Wrucke, C. T., and Armstrong, A. K., 1984, Geologic map of
the Whetstone Roadless Area and vicinity, Cochise and Pima
Counties, Arizona, scale 1:48,000.

84·276

84-288

942 Schmoker, J. W., Michalski, T. c., and Worl, P. B., 1984, Non
profit sample and core repositories open to the public in the
United States, 102 p.
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84·410

Maps
1-1505

84-629
(A-M)

MapA
MapS
MapC
MapD
MapE
M~pF

MapG
MapH

1-1523

Open-File Reports
83-819 Wardlaw, B. R., Harris, A. G., and Schindler, K. S., 1985, Ther·

mal maturation values (conodont color alteration indices) for
Paleozoic rocks in Arizona, 14 p.
Hopkins, R. T., Campbell, W. L., Fox, J. P., and Antweiler, J. c.,
1984, Analytical results and sample locality map of stream-
sediment, panned-concentrate, rock, and water samples
from the Narrows, Lime Hills, and Sand Cove Wilderness
Study Areas, Mohave County, Arizona, 23 p., scale 1:50,000.
Hopkins, R T., Fox, J. P., Campbell, W. L., and Antweiler, J. c.,
1985, Analytical results and sample locality map of stream·
sediment, panned-concentrate, rock, and water samples
from the Andrus Canyon, Grassy Mountain, Last Chance
Canyon, Mustang Point, Nevershine Mesa, Pigeon Canyon,
and Snap Point Wilderness Study Areas, Mohave County,
Arizona, 34 p., scale 1:50,000.
Erickson, M. S., Arbogast, B. E, Marsh, S. P., and McDougal,
C. M., 1984, Analytical results and sample locality map of
rock samples from the Mazatzal Wilderness and contiguous
roadless areas, Gila, Maricopa, and Yavapai Counties,
Arizona, 45 p., scale 1:48,000.
Richter, D. H., and Sharp, W. N., 1984, Mineral resource
potential of the Silver City 10 x 2 0 quadrangle, New Mexico
Arizona, scale 1:250,000.
Geologic map.
Copper resource potential.
Molybdenum resource potential.
Zinc and lead resource potential.
Gold and silver resource potential.
Tin resource potential.
Iron, nickel, and cobalt resource potential.
Manganese and manganese·iron resource potential.

U.S. Geological Survey

Ege, J. R., 1984, Formation of solution-subsidence sinkholes
above salt beds, 11 p.
DeYoung, J. H., Jr., Lee, M. P., and Lipin, B. R, 1984, Interna
tional strategic minerals inventory summary report
chromium, 41 p.
Krauss, U. H., Saam, H. G., and Schmidt, H. w., 1984, Interna
tional strategic minerals inventory summary report
phosphate, 41 p.
Peterson, J. A., 1984, Arizona mineral resource data
information available through the U.S. Geological Survey
Mineral Resource Data System, 31 p.
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931

MLA
37-84

930-C

MLA
31·84

The following publications were recently added to the Bureau
library, where they may be examined during regular working
hours. Copies may also be examined in or obtained from the
respective offices:

U.S. Bureau of Mines

u.s. Geological Survey

Maps: Western Distribution Branch, U.S. Geological Survey, Box
25286, Federal Center, Denver, CO 80225.

Open·File Reports: Open·File Services Section, Western Distribu
tion Branch, U.S. Geological Survey, Box 25425, Federal Center,
Denver, CO 80225.

Special Report: District Chief, U.S. Geological Survey, Box FB·44,
Federal Bldg., 300 W. Congress St., Tucson, AZ 85701.

All other publications: Eastern Distribution Branch, Text Products
Section, U.S. Geological Survey, 604 S. Pickett St., Alexandria, VA
22304.

Mineral Land Assessment Reports: Intermountain Field Opera·
tions Center, Bldg. 20, Federal Center, Denver, CO 80225.

Open·File Reports: National Technical Information Service, U.S.
Department of Commerce, Springfield, VA 22161.

U. S. Bureau ofMines

Circulars
897

930-B

Mineral Land Assessment Reports
MLA Harris, A. D., and Ryan, G. S., 1984, Mineral investigation of
27-84 the Starvation Point Wilderness Study Area, Mohave County,

Arizona and Washington County, Utah, 14 p., scale 1:24,000.
McDonnell, J. R., 1984, Mineral investigation of the Mount
Trumbull Wilderness Study Area, Mohave County, Arizona,
7p.
McDonnell, J. R., Jr., 1984, Mineral investigation of the Hack
Canyon Wilderness Study Area, Mohave County, Arizona,
15p.

Open-File Reports
OFR Hambley, D. E, Pariseau, W. G., and Singh, M. M., 1983,
179(1)·84 Guidelines for open-pit ore pass design, volume I-final

report, 170 p.
Hambley, D. F., and Singh, M. M., 1983, Guidelines for open
pit ore pass design, volume 2 - design manual, 159 p.

Pima Association of Governments, 1983, Ground-water
monitoring in the Tucson copper mining district, 99 p.
Malhotra, S., and others, 1984, Recovery of manganese from
low-grade domestic sources, 171 p.

OFR
179(2)·84

OFR
185-84
OFR
201·84



85-46

84-787

84-662

Mapl
MapJ
MapK
Mapl
MapM

chemical comparison of mineralized and unmineralized
stocks in southern Arizona, 41 p.

University ofArizona
Ely, L. L., and Baker, V. R., comp., 1985, Geomorphic surfaces in the
Tucson basin, Arizona - a field guidebook, 149 p.

Museum ofNorthern Arizona
Morales, Michael, ed., 1984, Abstracts of the symposium on south
western geology and paleontology, 18 p.

Other Publishers

Water-Supply Papers
2223 Aldridge, B. N., and Eychaner, J. H., 1984, Floods of October

1977 in southern Arizona and March 1978 in central Arizona,
143 p., 6 plates.

2228 Peters, N. E., 1984, Evaluation of environmental factors
affecting yields of major dissolved ions of streams in the
United States, 39 p.

Special Report
White, N. D., and Fields, R. L., 1984, Bibliography of water-resources
reports for Arizona through 1982, 152 p.

Tungsten and beryllium resource potential.
Uranium resource potential.
Fluorite resource potential.
Zeolites and diatomite resource potential.
Area in which resource potentials are designated; area in
which no resource potential is designated.
Smith, D. B., Tosdal, R. M., Adrian, B. M., and Vaughn, R. B.,
1984, Assessment of mineral resources in the Muggins
Mountains Bureau of land Management Wilderness Study
Area (AZ-050-53A), Yuma County, Arizona, 34 p.
Goudarzi, G. H., comp., 1984, Guide to preparation of mineral
survey reports on public lands, 51 p.
Adam, D. P., Hevly, R. H., and Diggs, R. E., 1985, Pollen data
from a 2.93-meter Holocene lacustrine section from Walker
lake, Coconino County, Arizona, 13 p.

Professional Papers
437-1 Ireland, R. L., Poland, J. E, and Riley, E S., 1984, land subsi

dence in the San Joaquin Valley, California, as of 1980, 93 p.,
1 plate.

1259 Bohannon, R. G., 1984, Nonmarine sedimentary rocks of
Tertiary age in the lake Mead region, southeastern Nevada
and northwestern Arizona, 72 p., scale 1:750,000.

1303 Creasey, S. C., 1984, The Schultze Granite, the Tea Cup
Granodiorite, and the Granite Basin Porphyry - a geo·

REGISTRATION OF
GEOLOGISTS

Are geologists required by law to be registered to practice in
the State of Arizona? Because we are commonly asked this ques
tion, we have included the following information. The code of the
State Board of Technical Registration, based on the Arizona
Revised Statutes, specifies that a person desiring to practice the
professions of architecture, assaying, engineering, geology, land
scape architecture, or land surveying must first secure a certifi
cate of registration and comply with prescribed conditions.

"Geological practice" is defined as "any professional service
or work requiring geological education, training, and experience,
and the application of special knowledge of the earth sciences to
such profe~sional services as consultation; evaluation of mining
properties, p~troleum properties, and groundwater resources; pro
fessionaL~t1pervision of exploration for mineral natural resources
includinglTletallicand nonmetallic ores, petroleum, and ground
water; andtHeig~ological phases of engineering investigations."

A9E!()I<:>~i~tjsa person who, "by reason of his special knowl·
edge <:>fth$<E!Cirthsciences and the principles and methods of
searcHif?r~nclappraisalof mineral or other natural resources
acquir~cI.p~JJmfessionaleducation and practical experience, is
qualifi~cI~<:>igr~.cticegeology as attested by his registration as a
profes~ic>nClI~~c>I()gist. A person employed on a full-time basis as
a ge()'c>!list\RYCiTlernployer engaged in the business of develop
ing'IlliniTlg,()r./treating ores and other minerals shall not be
deeIllE!c:Iit()J:>eengaged in geological practice for the purposes of
this/.ch~»~~l'ifHeengagesin geological practice exclusively for
and~.~.CiIl$Ill»I()yeeof such employer and does not hold himself
0lltCiPc:lJsTl<:>t h$Idout as available to perform any geological
se)~iC::E!~if9r.PE!r~c>rlsotherthan his employer."

.t}··~e<:>.lc>gi~t-iTl-training" is "a candidate for registration as a
pr<:>fe~~i<:>flalgeolo~istwhois a graduate of a school approved by
tl1E!/J:)<:>.Circ:l0r\Vh()hashadfour years or more of education or expe
l'iEln.ce,orboth,Jn geological work which meets standards spec
ified.Rythe.poarciin its rules. In addition, the candidate shall have
passEldtl1e ge()I<:>gist-in-training examination."

ortle~oardofTechnicalRegistration publishes and sells a list
()facti"e registrants. This roster includes both an alphabetical list
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of registrants and a numerical list by registration number. All dis
ciplines registered by the board are included in each list. A sepa
rate list of registered geologists (or of any of the other disciplines)
may be purchased from the board for a special fee.

As part of the Sunset Review process, the Auditor General
recently conducted a performance audit of the Board of Technical
Registration. Findings of the audit will be discussed by the legisla
ture to determine whether to continue the board as is or modify it.
The audit team concluded that registration of geologists,
assayers, and landscape architects is unnecessary and recom
mended that the legislature take appropriate action to delete
those disciplines from the purview of the Board of Technical
Registration.

As of January 1985, there were 239 geologists registered in
Arizona, 130 of whom reside in the State.

For information about registration requirements, please write
the office of the Board of Technical Registration, 1645 W. Jeffer
son, Suite 140, Phoenix, AZ 85007, or telephone (602) 255-4053.
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COMPUTERIZING ARIZONA GEOLOGY

by Stephen J. Reynolds

•

The Arizona Bureau of Geology and Mineral Technology
has a legislated responsibility to conduct geologic research
and communicate the results to the legislature, governmental
agencies, industry, and the general public. The Bureau is also a
repository of geologic information, including maps, publications,
well cuttings, and theses. In the past decade, information on the
geology and mineral resources of Arizona has been published
at an accelerated pace, which has made it increasingly difficult
for an individual or organization to keep abreast of the latest
research developments. To help manage this information ex
plosion, the Bureau has purchased four microcomputers capable
of word processing, database management, and scientific
computing.

PRESENT USES

Word Processing

The Bureau uses its microcomputers extensively for word
processing. Texts are entered or even composed at the keyboard
by typists, editors, and geologists. Once the text is entered, it can
be easily edited and rewritten without retyping the entire docu
ment. Final versions of letters, grant proposals, and manuscripts
for Bureau and non-Bureau publications are printed on one of
three printers. Manuscripts can be printed in camera-ready form,
thus saving costs and eliminating delays and typographic errors
that arise during typesetting. Bulletin 195, now in press, was pre
pared in this manner. Fieldnotes is typeset directly from a floppy
disk that the Bureau provides to the typesetter.

Database Management

The Bureau microcomputers are used for management of
both geologic and administrative data. The Fieldnotes mailing list
has been transferred from the main University of Arizona com
puter to the Bureau microcomputers. This has given the Bureau
greater control over additions, deletions, and revisions. The
Fieldnotes readership can be easily assessed by printing lists
using a variety of parameters such as city or zip code. Printing
mailing labels by sorted zip code has permitted savings on
postage.

Geologic databases are being entered into the computer to
make the information more readily accessible to Bureau staff and
the general public. One of the first databases to be computerized
is a compilation of radiometric age determinations for rock units
in Arizona; More than 1,500 age determinations, representing
most of the published ages, have been added to the database and
are being edited for accuracy. Each age determination is accom
panied by information about the location, rock type, dated mate
rial, and geologic setting of the rock unit. The database can be
used to print lists of age determinations by latitude and longitude,
by age, or by rock type. The compilation will be published along
with a series of 1:1,000,000-scale computer-generated maps and
extensive cross-references. The availability of this publication will
be announced in a future issue of Fieldnotes.

The Bureau is in the initial stages of computerizing a geo-

logic bibliography for Arizona. Each citation includes codes that
identify subject matter and study area (e.g., county, mountain
range, or mining district). This system will enable users to search
the database for all information on a specific area or subject. The
system is flexible enough to narrow a search by using several
codes at once (e.g., all studies on middle Tertiary gold mineraliza
tion in the Black Mountains). By using the program's ability to
sort by subject, one can compile a comprehensive index within
minutes, rather than the weeks required by manual compilation.
The Bureau plans to distribute the bibliography in a conventional
book format and on floppy disks that users can access with their
own microcomputer systems.

A fourth database contains geochemical analyses of igneous
rocks in Arizona. The graphic capabilities of the Bureau com
puter, including high-resolution color graphics, will be used to
evaluate the spatial variations of igneous-rock geochemistry and
the relationship of igneous systems to mineralization.

The last database presently being compiled is a catalog of
the Bureau's repository of drill-hole cuttings and cores. The
database will enable users to determine quickly where cuttings
for a specific drill hole are stored.

Scientific Computations

The Bureau's present use of microcomputers for scientific
computing includes calculating normative mineralogy of igneous
rocks from geochemical analyses. Plotting and statistical routines
have been developed to evaluate the crystallization history and
mineral potential of igneous rocks in the State.

FUTURE USES

The Bureau microcomputers will be increasingly used for
word processing, especially in producing camera-ready copy for
Bureau publications. Thousands of dollars could be saved by
reducing the amount of typeset material. The major anticipated
use of Bureau computers, however, will be in further database
management. Databases are being planned for the following sub
jects: (1) specialized bibliographies, such as a thesis bibliography;
(2) geology of mineral districts in the State; and (3) index to geo
logic mapping in the State. When available, these databases will
enable exploration companies, land-use planners, and others to
obtain up-to-date information about the geology, mineralization,
and potential geologic constraints of any area in Arizona.

Use of Bureau computers for scientific analyses will also
grow. Numerical programs, such as finite-element modeling, will
be used to model the subsurface configuration of rock units and
to understand more fully geologic processes such as faulting and
mineralization. The computers will also be used for stereographic
plotting of structural data, such as the orientation of faults, folds,
and mineralized veins. Additional graphic applications, such as
computer-produced 35-mm slides, are among the Bureau's long
term goals for its computer system.

Although the Bureau's microcomputers are now managing
various types of geologic data, the Bureau still plans to produce
original geologic maps the old-fashioned way: by wearing out
boot leather, field hats, and colored pencils.
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T HESES AND DISSERTATIONS
ON THE GEOLOGY OF ARIZONA, 1980..84

The following list includes theses and dissertations on the geol
ogy of Arizona that were awarded from 1980 through 1984 by Ari
zona State University, Northern Arizona University, and the University
of Arizona. This list, however, is not a complete compilation of theses
on geologic topics. Theses on the geology of other States or on gen
eral geologic topics are not listed here. Theses awarded by out-of·
State universities are also not listed.

Most of the theses included here are not available in the Bureau
library. Each thesis, however, may be examined at the main library of
the university that awarded it. More detailed information may also be
obtained from the respective geology departments:

Department of Geology, Arizona State University, Tempe, AZ
85287; (602) 965·5081

Department of Geology, Northern Arizona University, Box 6030,
Flagstaff, AZ 86011; (602) 523-4561

Department of Geosciences, University of Arizona, Tucson, AZ
85721; (602) 621·6024.

Arizona State University

Beeunas, M. A., 1984, Preserved stable isotopic signature of subaerial dia
genesis in the 1.2-b.y. Mescal Limestone, central Arizona - implications for
the timing and development of a terrestrial plant cover: M.S. Thesis, 91 p.

Bruck, G. R., 1983, Engineering and environmental geology of Guadalupe
quadrangle, Maricopa County, Arizona (Part I): M.S. Thesis, 76 p.

Caporuscio, EA., 1980, Petrology and geochemistry of the San Carlos,
Arizona alkalic lavas: M.S. Thesis, 105 p.

Champine, A. L., 1982, The microstructures and petrofabrics of the
mylonite - chloritic-breccia transition, South Mountains, Phoenix,
Arizona: M.S. Thesis, 102 p.

Couch, N. P., Jr., 1981, Metamorphism and reconnaissance geology of the
eastern McDowell Mountains, Maricopa County, Arizona: M.S. Thesis,
57 p.

Isagholian, Varush, 1983, Geology of a portion of Horse Mesa and Fish Creek
Canyon areas, central Arizona: M.S. Thesis, 73 p.

Jordan, M. S., 1983, Environmental and engineering geology of the
Guadalupe quadrangle, Maricopa County, Arizona (Part II): M.S. Thesis,
61 p.

Larson, M. K., 1982, Origin of land subsidence and earth fissures, northeast
Phoenix, Arizona: M.S. Thesis,,151 p.

Mohammadi, H. K., 1984, Geology of the area east of Bagdad, Yavapai
County, Arizona: M.S. Thesis, 64 p.

Montz, M. J., 1982, Environmental geology of the Rio Salado development
district - central part: M.S. Thesis, 66 p.

Moyer, T. c., 1982, The volcanic geology of the Kaiser Spring area, south·
~ eastern Mohave County, Arizona: M.S. Thesis, 220 p.
.. O'Hara, P. E, 1980, Metamorphic and structural geology of the northern

Bradshaw Mountains, Yavapai County, Arizona: Ph.D. Dissertation,
145p. .

Prowell, S. E., 1984, Stratigraphic and structural relations of the north
central Superstition volcanic field: M.S. Thesis, 123 p.
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Reiter, B. E., 1980, Controls on lead·zinc
skarn mineralization, Iron Cap mine
area, Aravaipa district, Graham County,
Arizona: M.S. Thesis, 46 p.

Rettenmaier, K. A., 1984, Provenance and
genesis of the Mesquite Flat breccia
Superstition volcanic field, Arizona: M.S.
Thesis, 175 p.

Satkin, R L., 1981, A geothermal resource
evaluation at Castle Hot Springs, Ari
zona: M.S. Thesis, 147 p.

Sommer, J. V., 1982, Structural geology
and metamorphic petrology of the north·
ern Sierra Estrella, Maricopa County, Ari
zona: M.S. Thesis, 127 p.

Thorpe, D. G., 1980, Mineralogy and
petrology of Precambrian metavolcanic
rocks, Squaw Peak, Phoenix, Arizona:
M.S. Thesis, 96 p.

Utley, K. W., 1980, Stratigraphy of the
Pliocene Quiburis Formation near Mam·
moth, Arizona: M.S. Thesis, 178 p.

Wahl, D. E., Jr., 1980, Mid·Tertiary volcanic
geology in parts of Greenlee County,
Arizona, and Grant and Hidalgo Coun·
ties, New Mexico: Ph.D. Dissertation,
144p.

Northern Arizona University

Altany, R. M., 1983, Facies of the Hur
ricane Cliffs tongue of the Toroweap
Formation, northwest Arizona: M.S.
Thesis, 147 p.

Alvis, M. R, 1984, Metamorphic petrol
ogy, structural and economic geology
of a portion of the central Mazatzal
Mountains, Gila and Maricopa Coun
ties, Arizona: M.S. Thesis, 129 p.

Benz, Sandra, 1980, The stratigraphy and
paleoenvironment of the Triassic
Moenkopi Formation at Radar Mesa,
Arizona: M.S. Thesis, 45 p.

Cassell, David, 1980, Sedimentary
petrography and depositional models
for the nonmarine Verde Formation,
northern Verde Valley, Arizona: M.S.
Thesis, 153 p.

Cheevers, C. W., 1980, Stratigraphic
analysis of the Kaibab' Formation in
northern Arizona, southern Utah, and
southern Nevada: M.S.
Christensen, Paul, 1982,

geology of
Wupatki National



Coconino County, Arizona: M.S. Thesis, 138 p.
Cloud, R A., 1983, Geology of the Munds Park - Oak Creek Canyon area,

central Arizona: M.S. Thesis, 159 p.
Day, J. E., II, 1984, Stratigraphy, carbonate petrology, and paleoecology

of the Jerome Member of the Martin Formation in east·central Ari·
zona: M.S. Thesis, 147 p.

Dennis, M. D., 1981, Stratigraphy and petrography of pumice deposits
near Sugarloaf Mountain: M.S. Thesis, 79 p.

DeWitt, R H., 1981, Hydrogeology of Fort Valley, Coconino County, Ari·
zona: M.S. Thesis, 63 p.

Donchin, J. H., 1983, Stratigraphy and sedimentary environments of the
Miocene·Pliocene Verde Formation in the southeastern Verde Valley,
Yavapai County, Arizona: M.S. Thesis, 182 p.

Doty, R. L., 1982, Structural geology ofnorth",estetnQtaY!1ountairi,
Coconino County, Arizona:t<\.S.Thesi~.J20p.

Farrar, Christopher, 1~80,Th~ ground.",aterp(jtentialOftpert\iddle Pa
leozoic ci.irboI1i.it~rocKsinthTfI(jgstaffare(j'5oc(jlljnRC:o~nty,.¢ri.
zona: JV\.S.,.hElsis, ~l p', .'»<i < .<>< "<' .< ,,',

Frank, A J., 1984, Analysis of gravity data from the Picacho Butte area,
Yavapai and Coconino Counties, Arizona: M.S. Thesis, 91 p.

Gallaher, D. W., 1984, Stratigraphic geostatistical analysis of the Supai
Group of northern Arizona: M.S. Thesis, 87 p.

Gray, D. S., 1982, Geology of the Morgan Butte area, Yavapai County,
Arizona: M.S. Thesis, 115 p.

Hail-Burr, M. J., 1982, Geology of a portion of the Gun Creek area, north·
ern Sierra Anchas, Gila County, Arizona: M.S. Thesis, 207 p.

Hardy, J. J., Jr., 1984, The structural geology, tectonics, and meta·
morphic geology of the Arrastre Gulch Window, south·central Har·
quahala Mountains, Maricopa County, Arizona: M.S. Thesis, 99 p.

Hobbs, W. H., 1982, The geology of the City Creek area, Gila County,
Arizona: M.S. Thesis, 94 p.

Horstman, K. C, 1980, Geology of the Club Ranch area, Mazatzal Moun·
tain, Arizona: M.S. Thesis, 71 p.

Hughbanks, J. A., 1983, Stock tank characteristics and performance
in the Beaver Creek watershed, north·central Arizona: M.S. Thesis,
128p.

Kirkland, J. I., 1983, Paleontology and paleoenvironments of the Green·
horn marine cycle, southwestern Black Mesa, Coconino County,
Arizona: M.S. Thesis, 224 p.

Krokosz, Michael, 1981, Evaluation of an aerial photographic film/filter
technique for the geologic mapping of the Silver Bell Mountains
and Eagle Tail Mountains, Arizona: M.S. Thesis, 76 p.

Lockrem, T. M., 1983, Geology and emplacement of the Slate Mountain
volcano·laccolith, Coconino County, Arizona: M.S. Thesis, 103 p.

McAllen, W. R., 1984, Petrology and diagenesis of the Esplanade Sand
stone, central Arizona: M.S. Thesis, 90 p.

Nealey, L. D., 1980, Geology of Mount Floyd and vicinity, Coconino
County, Arizona: M.S. Thesis, 144 p.

Ohlman, J. R, 1982, A structural analysis of the Butte·Eminence fault
system, eastern Grand Canyon, Coconino County, Arizona: M.S.
Thesis, 427 p.

Pendergrass, T. M., 1984, Analysis of the Cactus Ridge syncline and
related thrust faults, Gila and Yavapai Counties, Arizona: M.S.
Thesis, 148 p.

Sargent, C G., 1984, Intertonguing Kayenta Formation and Navajo Sand
stone (Lower Jurassic) in northeastern Arizona - analysis of fluvial·
aeolian processes: M.S. Thesis, 190 p.

Schmid, K. J., 1983, The geology and vein mineralization of Cedar
Valley, east-central Hualapai Mountains, Mohave County, Arizona:
M.S. Thesis, 136 p.

Smith, M. A, 1984, Analysis of gravity data from the Verde Valley,
Yavapai County, Arizona: M.S. Thesis, 59 p.

Trujillo, A P., 1984, Sedimentology of the Scanlan Conglomerate Mem·
ber of the Pioneer Formation (Proterozoic) in the Pleasant Valley
area, Gila County, Arizona: M.S. Thesis, 242 p.

Tucker, M. L., 1983, Geochemical correlation of crude oils and source
rocks in Black Mesa basin, northeastern Arizona: M.S. Thesis, 80 p.

Vance, Richard, 1983, Geology of the Hardt Creek - Tonto Creek area,
Gila County, Arizona: M.S. Thesis, 99 p.

Vrba, Sheryl, 1980, Precambrian geology of the Cleator area, Yavapai
County, Arizona: M.S. Thesis, 92 p.

Weisman, M. C, 1984, Geology of the Pine and northern Buckhead Mesa
quadrangles, Mogollon Rim region, central Arizona: M.S. Thesis,
68p.

Werme, D. R, 1981, Precambrian geology of the Defiance uplift, Arizona:
M.S. Thesis, 88 p.

Wilder, William, 1981, Hydrogeology of the alluvial aquifer at Dilkon,
Arizona: M.S. Thesis, 198 p.

10

University of Arizona

Archibald, L. E., 1982, Stratigraphy and sedimentology of the Bisbee
Group in the Whetstone Mountains, Pima and Cochise Counties,
southeastern Arizona: M.S. Thesis, 195 p.

Ashouri, Ali·Reza, 1980, Stratigraphical analysis of Triassic and Lower
Jurassic rocks in northeastern Arizona: M.S. Thesis, 72 p.

Balcer, R A, 1984, Stratigraphy and depositional history of the Pantano
Formation (Oligocene·early Miocene), Pima County, Arizona: M.S.
Thesis, 107 p.

Barnes, A E., 1980, A Paleocene paleomagnetic pole from the Gringo
Gulch volcanics, Santa Cruz County, Arizona: M.S. prepublication
manuscript, 9 p.

Benson, G. S., 1981, Structural investigations of the Italian trap
allochthon, Redington Pass, Pima County, Arizona: M.S. Thesis,
85p.

Bykerk·Kauffman, Ann, 1983, Kinematic analysis of deformation at the
margin of a regional shear zone, Buehman Canyon area, Santa Cata
lina Mountains, Arizona: M.S. Thesis, 79 p.

Calderone, Gary, 1984, Paleomagnetism of Miocene volcanics, south·
western Arizona-tectonic implications: M.S. prepublication man·
uscript, 20 p. .

Calvo, S. S., and Pearthree, P. A, 1982, Late Quaternary faulting west of
the Santa Rita Mountains, south of Tucson, Arizona: M.S. pre
publication manuscript, 49 p.

Cheng, Song-lin, 1984, Application of stable isotopes of oxygen, hydro
gen, and carbon to hydrogeochemical studies, with special refer·
ence to Cafiada del Oro Valley and the Tucson basin: Ph.D. Disserta·
tion,204p.

Cole, K. L., 1981, Late Quaternary environments in the eastern Grand
Canyon-vegetational gradients over the last 25,000 years: Ph.D.
Dissertation, 170 p.

Crespi, J. M., 1982, The relationship of cleavage in carbonate rocks to
folding and faulting near Agua Verde Wash, Arizona - implications
of volume loss: M.S. Thesis, 123 p.

Davis, S. G., 1984, An exploration gravity survey of the south basin of
Vekol Valley, Pinal and Maricopa Counties, Arizona: M.S. Thesis,
99p.

Di Tullio, L. D., 1983, Fault rocks of the Tanque Verde Mountain decolle·
ment zone, Santa Catalina metamorphic core complex, Tucson, Ari
zona: M.S. Thesis, 90 p.

Douglas, D. A, 1982, Lithogeochemistry as a guide to volcanogenic
massive sulfide deposits: M.S. Thesis, 84 p.

Eberhart-Phillips, D. M., 1980, Analysis of the 4 February 1976, Chino
Valley, Arizona earthquake: M.S. prepublication manuscript, 49 p.

Erjavec, J. L., 1981, The sulfur distribution in the sedimentary rocks of
southeast Arizona: M.S. Thesis, 114 p.

Ferguson, R. C, 1983, Petrography, depositional environments, and
diagenesis of Bisbee Group carbonates, Guadalupe Canyon area,
Arizona: M.S. Thesis, 91 p.

Fett Halvorson, P. H., 1984, An exploration gravity survey in the San
Pedro Valley, southeastern Arizona: M.S. Thesis, 70 p.

Fischer, A. M., 1984, The origin of gold·bearing quartz veins in Pre·
cambrian rocks near Wickenburg, Arizona: M.S. Thesis, 59 p.

Flanagan, P. w., 1983, Analysis of complex resistivity models in spher·
oidal geometries: M.S. Thesis, 119 p.

Gardulski, A E, 1980, A structural and petrologic analysis of a quartzite·
pegmatite tectonite, Coyote Mountains, southern Arizona: M.S.
Thesis, 69 p.

Gerla, P. J., 1983, Structure and hydrothermal alteration of the Diamond
Joe stock, Mohave County, Arizona:- Ph.D. Dissertation, 120 p.

Gillette, R S., 1983, Geology and mineralization of the east-central and
southeastern Swisshelm Mountains, Cochise County, Arizona: M.S.
Thesis, 94 p.

Gish, D. M., 1980, A refraction study of deep crustal structures of the
Basin and Range-Colorado Plateau in eastern Arizona: M.S. pre·
publication manuscript, 32 p.

Gordon, J. P., 1983, Channel changes on the lower Cafiada del Oro,
1936-1980, and policies of f1ood·plain management: M.S. Thesis,
112p.

Greenes, K. A, 1980, Application of the gravity method to ground·water
volume determinations of alluvial basins: M.S. prepublication man
uscript, 28 p.

Grover, J. A., 1982, The geology of Teran basin, Cochise County,
, Arizona: M.S. Thesis, 73 p.

Halvorson, P. H. F., 1984, An exploration gravity survey in the San Pedro
Valley, southeastern Arizona: M.S. Thesis, 70 p.

FIELDNOTES, Spring 1985



__ I

11

Chiricahua National Monument, Arizona, and their relation to the
Turkey Creek caldera: M.S. Thesis, 194 p.

Lindberg, F. A, 1982, Cretaceous sedimentary geology of the Rucker
Canyon area, Cochise County, Arizona: M.S. prepublication man
uscript, 61 p.

Lindgrey, S. H., 1982, Structural geology and tectonic evolution of the
northeastern Rincon Mountains, Cochise and Pima Counties, Ari·
zona: Ph.D. Dissertation, 202 p.

Lynch, D. J., II, 1981, Genesis and geochronology of alkaline volcanism
in the Pinacate volcanic field, northwestern Sonora, Mexico: Ph.D.
Dissertation, 248 p.

Lysonski, J. C, 1980, The IGSN 71 residual Bouguer gravity anomaly
map of Arizona: M.S. Thesis, 74 p.

Manske, S. L., 1980, Fracturing events in the Ruby Star Granodiorite
adjacent to the Esperanza porphyry copper deposit, Pima County,
Arizona: M.S. Thesis, 102 p.

Marozas, D. C, 1982, The role of silicate mineral alteration in the super
gene enrichment process: M.S. Thesis, 58 p.

Martins, V. E., 1984, A microstructural study of S·C mylonites of part of
the Tanque Verde'Mountains, Tucson, Arizona: M.S. Thesis, 52 p.

Mayer, Larry, 1982, Quantitative tectonic geomorphology with applica·
tions to neotectonics of northwestern Arizona: Ph.D. Dissertation,
512p.

MeAlaster, Penelope, 1980, The geology and genesis of jasperoid in the
northern SwIsshelm Mountains, Cochise County, Arizona: M.S. The·
sis, 78p.

McHargue, L. R., 1981, Late Quaternary deposition and pedogenesis on
the Aguila Mountains Piedmont, southwestern Arizona: M.S. Thesis,
132p.

McNew, G. E., 1981, Tactite alteration and its late state replacement in
the southern half of the Rosemont mining district, Arizona: M.S.
Thesis, 80 p.

Menges, C. M., 1981, The Sonoita Creek basin - implications for late
Cenozoic tectonic evolution of basins and ranges in southeastern
Arizona: M.S. Thesis, 239 p.

More, S. W., 1980, The geology and mineralization of the Antler mine
and vicinity, Mohave CElunty, Arizona: M.S. Thesis, 149 p.

Myers, G. M., 1983, Tungsten occurrences in Arizona and their possible
relationship to metallogenesis: M.S. Thesis, 96 p.

Naruk, S. J., 1983, Calculation of shear strain and translation values
from mylonitic gneiss in a metamorphic core complex: M.S. pre·
publication manuscript, 79 p.

Natali, S. G., 1980, Seismic activity in the vicinity of the 1887 Sonoran
earthquake, northeastern Sonora, Mexico: M.S. prepublication man
uscript, 39 p.

Nichols, E. A., 1983, Geology of the Monte Cristo vein area, Black Rock
mining district, Yavapai County, Arizona: M.S. Thesis, 63 p.

Norris, J. R., 1981, Fracturing, alteration, and mineralization in oxide pit,
Silver Bell mine, Pima County, Arizona: M.S. Thesis, 72 p.

Oppenheimer, J. M., 1980, Gravity modeling of the alluvial basins, south·
ern Arizona: M.S. Thesis, 81 p.

Pearthree, M. S., 1982, Variability of the ephemeral stream channels of
the Rillito Creek system, southeastern Arizona, and implications for
flood-plain management: M.S. prepublication manuscript, 128 p.

Pearthree, P. A., and Calvo, S. S., 1982, Late Quaternary faulting west of
the Santa Rita Mountains, south of Tucson, Arizona: M.S. pre·
publication manuscript, 49 p.

Piekenbrock, J. R., 1983, The structural and chemical evolution of phyl·
lie alteration at north Silver Bell, Pima County, Arizona: M.S. Thesis,
95p.

Pientenpol, D. J., 1983, Structure and ore deposits of the silver district,
La Paz County, Arizona: M.S. Thesis, 67 p.

Plouff, M. T., 1983, Trace element and stable isotope geochemistry and
diagenesis In Cenozoic Mineta Formation limestones, southeastern
Arizona: M.S. Thesis, 64 p.

Rauschkolb, M. H., 1983, The geology of the northwest orebody, Twin
Buttes mine, Pima County, Arizona: M.S. Thesis, 179 p.

Reding, L. M., 1984, North American plate stress modeling-a finite ele·
ment analysis: M.S. Thesis, 111 p.

Reynolds, S. J., 1982, Geology and geochronology of the South Moun·
tains, central Arizona: Ph.D. Dissertation, 220 p.

Richard, S. M., 1983, Structure and stratigraphy of the southern Little
Harquahala Mountains, La Paz County, Arizona: M.S. Thesis, 154 p.

Risley, Rob, 1983, Sedimentation and stratigraphy of the Lower Cre·
taceous amole arkose, Tucson Mountains, Arizona: M.S. prepublica·
tlon manuscript, 99 p.

Rutledge, J. T., 1984, A shallow seismic refraction survey over a late
Quaternary fault scarp west of the Santa Rita Mountains, Arizona:petrology of the ash flows of

e geometry of the pluton.host rock
rmally induced hydrofractures at
chise County, Arizona: M.S. The.

Hansen, J. B., 1983, Style of deformation of upper plate rocks of the San
Manuel-Camp Grant, low-angle, normal·fault system, Black Hills,
Pinal County, Arizona: M.S. Thesis, 164 p.

Harding, L. E., 1982, Tectonic significance of the McCoy Mountains For·
mation, southeastern California and southwestern Arizona: Ph.D.
Dissertation, 197 p.

Harris, J. 0., 1984, The emplacement and crystallization of the Cornelia
pluton, Ajo, Arizona-an analysis based on the compositional zon·
ing of plagioclase and field relations: M.S. Thesis, 78 p.

Hays, M. E., 1984, Analysis of historic channel change as a method for
evaluating flood hazard in the semiarid Southwest: M.S. prepublica
tion manuscript, 41 p.

Haynes, F. M., 1980, The evolution of fracture· related permeability within
the Ruby Star Granodiorite Sierrita porphyry copper deposit: M.S.
T~~~~ .

Heichel, K. S., 1981, Microveinlet alteration and mineralization at the
Sierrita porphyry copper deposit, Pima County, Arizona: M.S. The·
sis,104p.

Hennessy, J. A., 1981, Geology and hydrothermal alteration of the Glen
Oaks porphyry copper occurrence, Yavapai County, Arizona: M.S.
Thesis, 103 p.

Huston, D. L., 1984, The significance of a widespread stream sediment
copper anomaly in the Batamote Mountains, Pima County, Arizona:
M.S. Thesis, 163 p.

Inman, K. F., 1982, Depositional environments and sandstone petrogra·
phy of Upper Cretaceous sedimentary rocks, Adobe Canyon, Santa
Rita Mountains, southeast Arizona: M.S. prepublication manuscript,
42p.

Jacobs, B. F., 1983, Past vegetation and climate of the Mogollon Rim
area, Arizona: Ph.D. Dissertation, 166 p.

Jamison, Kermit, 1983, The depositional environment and petrographic
analysis of the Lower Cretaceous Morita Formation, Bisbee Group,
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157 p.

Johansen, S. J., 1981, Depositional environments of the Queantoweap
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sis, 213 p.

Johnson, G. S., 1981, The geology and geochronology of the northern
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Johnson, J. W, 1982, State conditions, fluid flux, and solution·mineral
equilibria during skarn formation in porphyry copper systems: M.S.
prepublication manuscript, 48 p.
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